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(54)    A circuit and method for controlling an inrush current limiter in a power oonversion eyetem 
that includes power factor correction 

(57) A power conversion circuit for providing a rec- 
tified supply voltage to an output capacitor. The power 
conversion circuit includes: a rectifying circuit (DB); a 
power factor correction circuit (10); a resistor (R1) tor 
limiting inrush current, the resistor being operatively 
connected between the rectifying circuit and the power 
factor correction circuit, the capacitor being connected 
to the output o! this power factor correction circuit; and 
a switch (82) that is operatively connected for short 
circuiting the resistor, the output capacitor (CI) being 
connected across the output terminals of the power fac- 
tor correction circuit, the switch being activated when 
the output voltage of the power factor correction circuit 
exceeds a predetermined threshold. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

The present invention relates to a circuit and meth- 
od for controlling an inrush current I imiter in a power con- 
version system. More particularly, the present invention 
relates to a circuit and nnethod for controlling an inrush 
current limiter in a direct-off-line switchmode power con- 
version system that has pre-regulation circuitry for pro- 
viding power factor correction. 

2. Discussion of the related art 

Figure 1 illustrates a basic schematic diagram of a 
known direct-off-line switchmode power conversion 
system. 

This power conversion system includes: a switch 
S1, a bridge rectifier DB; a capacitor C1 and a switch- 
mode power converter SPC. 

In direct-off-line switchmode power conversion sys- 
tems, where costs and size are major factors, it is normal 
practice to use semiconductor rectifiers and a large filter 
capacitor to supply a high d.c. voltage to the converter 
SPC. 

However, because these systems have such an In- 
herently low input resistance, especially when capacitor 
CI Is initially discharged, very large peak surge currents 
flow in the input components, I.e. the switch S1, the rec- 
tifier DB, the supply lines (A, B), and the capacitor C1, 
when the system is connected, via switch S1, to the line 
input. These large peak surge currents, or inrush cur- 
rents, are very stressful to these input components. Fur- 
thermore, these inrush currents can also cause interfer- 
ence to other equipment and apparatus connected to 
the same supply. 

The power converter SPG is illustrated as having a 
single pair of output terminals C, D. However, in practice 
the powerconverter will have a plurality of output termi- 
nals. These output terminals will supply power, that typ- 
ically have d.c. voltages that are lower than the d.c. volt- 
age at the input to the power converter SPC, to a variety 
of loads (not illustrated). The applications for such a ^5 
power converter system are well known and numerous. 

It is known by those skilled in the art that inrush cur- 
rent, Ic, can be reduced, i.e. limited, when the supply Is 
switched on by introducing a resistive element or device, 
In one or more of the supply lines, between the input so 
lines and the capacitor 01. Therefore, by limiting the in- 
rush current the input components avoid being over 
stressed, and any interference is reduced. 

Figure 2 illustrates a similar basic schematic dia- 
gram to that of Figure 1. However, Figure 2 also includes 55 
a resistive element R1 for limiting the inrush current and 
a switch S2 for short circuiting the resistive element R1. 

The arrangement of R1 and 82 is known by those 

skilled in the art. Also known is that resistors or NTC 
thermistors, for example, can be used to limit inrush cur- 
rent and can be situated either in front of, orbehind, the 
rectifier DB. 

In this particular illustration, a current limiting res is- 
tor R1 and switch S2 are illustrated as beingsituateci on 
the rectified side of the converter system, Le. the high 
voltage d.c. side. Switch 82 can, for example, be innpie- 
mented by a silicon controlled rectifier.SCR, i.e. a thyr- 
istor, for example, and again this is known to those 
skilled in the art. 

Switch S2 is controlled by the powerconverter SPC 
as illustrated. However, in the case vrtiere switch S2 is 
implemented by a thyristor. for example, addittonal ar- 
rangements have to be made in order to gate or trigger 
the thyristor into conducting sinoe, the output d.c. volt- 
ages of the power converter, i.e. thie voltages that can 
be supplied to the gate of the thyristor, are lower than 
its d.c. input voltage, i.e. the voltege present on the cath^ 
ode of the thyristor. 

These additional arrangements typically require 
that a dedicated d.c. output te rminal, Including all its 
necessary complex circuitry, is provided for controlling 
the conduction state of the thyristor. The output voltage 
from this dedicated d.c. output terminal must be greater 
than the d.c. voltage at the input terminal, A', of the pow- 
er converter SPC so that the thy ristors p-n junction be- 
tween its gate and cathode can be fon/rard biased. The 
forward biasing of the gate-cathcxJe junctfonalbws cur- 
rent to flow through this junction that results In the thy- 
ristor turning on; i.e. conducting, thus it is able to shunt 
the resistor R1 and reduce I2R power loss. 

The necessity of these acdditlonai arrangements 
gives rise to a number of problems Including: extra com- 
ponents and hence less system reliability; extra costs, 
especially for wound components, i.e. Inductors; greater 
system weight; larger system size; and greater de- 
mands on design efforts. 

It is also known to those s Kilted In the art of power 
conversion that market interests, which are driven by 
legislation and/or formal standards, have over recent 
years been directed to power factor correction PFC. 
Power factor PF is defined as F=>F=R/S: where R is the 
real power and S is the total apparent power PFC is 
used as a means for pre-regu lating the input power, 
while at the same time boosting the inputd.c. voltage! 
such that it has an improved PF before the power is con- 
verted by a power converter. 

There are available on the market today both dis- 
crete and integrated soluttons for providing PFC. One 
example of an integrated solution is given in an 1994 
application note entitled "DESIC3NING A HIGH POWER 
FACTOR SWITCHING PRE-REGULATOR WITH THE 
L6560 TRANSITION MODE I.G." by G. COMANDA- 
TORE & U. MORICONI both of SGS-THOMSON MI- 
CROELECTRONICS. This app I icatlon note Is herein in- 
corporated by reference. 

Since there is a strong need, in terms legislation and 
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formal standards, for providing PFC: remembering that 
the PF correction systenn provides a d:c. output voltage 
that is greater than its d.c. input voltage; coupled with 
the fact that there are inherent problems, as stated 
above, with switching a thyristor. the present invention 
proposes a novel solution for providing a power factor 
corrected power conve rter system that that can be used 
to overcome these inherent problems that are associat- 
ed with inrush current limitation. 

OBJECTS & SUMMARY OF THE INVENTION 

Accordingly, an object of the present inventfon is to 
anticipate overcoming problems that would othenwise 
be associated with the short circuiting of a inrush current 
limiting device in a power conversion system that has 
power factor correction. 

Other objects of the present invention include the 
provision of a circuit and method that anticipate over- 
coming problems that would othenwise be associated 
with the short circuiting of an Inrush current limiting de- 
vice In a power conversion system that has power factor 
correction. The proposed circuit and method are simple 
and require less components - therefore they are more 
reliable. The proposed circuit and method do not require 
any additional inductors neither do they require any ded- 
icated voltages to be produced, and the circuit is more 
cost effective and easier to design. 

Another object of the present invention is to keep 
the start-up time of the system to a minimum. 

Another object of the present invention is to com- 
pletely avoid any secondary inrush current effect. 

In order to achieve these an d other objects, the 
present invention provides a power conversion circuit, 
for providing a rectified supply voltage to an output ca- 
pacitor, that comprises: a rectifying circuit; a power fac- 
tor correction circuit; a resistive element, for example a 
resistor, for limiting inrush current, the resistor being op- 
eratively connected between the rectifying circuit and 
the power factor correction circuit; and a switch that is 
operatively connected and controlled for short circuiting 
the resistor; the output capacitor is connected across 
the output terminals of the power factor correction cir- 
cuit, wherein the switch is activated, i.e. closed, for 
shunting the resistor when the output voltage of the pow- 
er factor correction circuit exceeds a predetermined 
threshold. 

According to another embodiment of the present in- 
vention, the power factor correction circuit comprises a 
diode, that is connected between the resistor and the 
output capacitor, for precharging the output capacitor. 

According to another embodiment of the present in- 
vention, the power conversion circuit further comprises 
an input filter capacitor connected across the input ter- 
minals of the power factor correction circuit. 

According to another embodiment of the present in- 
vention, the power factor correction circuit comprises a 
boost topology switchmode power supply. 

According to another embod ihnent of the present in- 
vention, the switch for short circuiting the resistor in- 
eludes: a silicon controlled rectifier that is operatively 
connected in parallel with the ries istor; andaoomparator 

5 for activating the conduction state of the silicon control- 
led rectifier, i.e. for turning the silicon controlled rectifier 
on. 

According to other embodiments of the present in- 
vention, the comparator comprises an operativety con- 

10 nected Zener diode, or a plurality of Zener diodes, con- 
nected in series with a resistive elennent, for exannple a 
resistor 

According to another embocJiment of the present in- 
vention, the comparator provides a substantially con- 

is stent output current.      . . 
According to another embodinrieht of the present in- 

vention, the silicon controlled reotifler is a thyristor and/ 
or a triac. 

According to other embodiments of the present in- 
20 vention: its output power from tine power factor correc- 

tion circuit is greater than appro^cinnately 30 Watts; and/ 
or it is incorporated within a domestic appliance; and/or 
it is incorporated within an industrial apparatus. 

According to another embocJ iment of the present in- 
2S vention, a method of power conversion Is provided, tor 

providing a rectified supply voltage to an output capac- 
itor, that comprises the steps of: rectifying a voltage; lim- 
iting inrush current by means of a resistor; precharging 
the output capacitor, that Is conn ected across the output 

30 terminals of a power factor corre ction circuit, to a voltage 
that is substantially equal to th e rectified voltage; cor- 
recting the power factor of the rectified voltage; further 
charging the precharged output: capacitor by means of 
the power factor correcting cirouit; short circuiting the 

3S inrush current limiting resistor; vyherein thlB step of short 
circuiting the inrush current limit i ng resistor is performed 
when the voltage stored on thie output capacitor ex- 
ceeds a predetermined thresho Id. 

According to other embodiments of the present in- 
40 vention, methods of power conversion are proposed 

that: further include the step of oharging an input capac- 
itor that is connected across thie input terminals of the 
power factor correction circuit; snd short circuiting the 
inrush current limiting resistor when the.input capacitor 

^ is fully charged to the rectified \/oltage and l^e voltage 
stored on the output capacitor e>cceeds a predetermineld 
threshold. 

BRIEF DESCRIPTION OF THE DRAWINGS 
so 

. These and othiBr objects, as well as other advantag- 
es and features, of the present invention will become 
apparent in light of the following cJetailed description and 
accompanying drawings among which: 

ss 
Figure 1 illustrates an already described basic 
schematic diagram of a direct-off-line switchmode 
power conversion system; 
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Figure 2 illustrates an already described basic 
schematic diagram of a direct-off-line switchmode 
power conversion system, that is based on that of 
Figure 1, that includes an Inrush current limiting re- 
sistor and a switch for short circuiting the resistor; 
and 
Figure 3 illustrates a detailed schematic diagram of 
a direct-off-line switchmode power conversion sys- 
tem according to the present invention. 

DETAILED DESCRIPTION 

Although this invention will be described in connec- 
tion with certain preferred embodiments, it should be un- 
derstood that the present disclosure Is to be considered 
as an exemplification of the principles of the invention 
and that there is no intention of limiting the invention to 
the disclosed embodiments. On the contrary, it is Intend- 
ed that all altematives, modifications and equivalent ar- 
rangements as may be included within the spirit and 
scope of the appended claims be covered as part of this 
invention. 

Figure 3 illustrates a detailed schematic diagram of 
a direct-off-line switchmode power conversion system 
according to the present invention. 

This figure illustrates a similar schematic diagram 
to that of Figure 2. However, this figure also includes a 
power factor correction circuit 10 and an optional filter 
capacitor C2 (illustrated by the dashed lines). 

The power factor correction circuit 10, which is typ- 
ically a boost topology switchmode power supply, is op- 
eratively connected between the resistor Rl and the ca- 
pacitor CI and includes the following basic elements: 
two diodes D1, D2; an inductor L; a switch S3; and a 
control circuit 20. These elements are organized in a 
manner known to those skilled in the art so that they 
perform power factor correction PFC. However, diode 
D1 is a, preferred, optional diode that has been included 
and whose function will be discussed further on in this 
text. . 

In this current figure, switch S2 has been illustrated 
in more detail and has been shown to include; a thyristor 
TH; a Zener diode DZ and a resistor R2. 

The thyristor is connected in parallel with the inrush 
current limiting resistor Rl in a known conventional 
manner. However, the gate of this thyristor is connected 
to the supply rail E; I.e. the positive output voltage rail 
of the power factor correction circuit 10, via the series 
connected Zener diode DZ and resistor R2. The anode 
and cathode of the Zener diode being respectively con- 
nected to the gate of the thyristor and the supply rail E, 
via resistor R2. 

As for the operation of the circuit provided by the 
present invention, it shall be assumed that: capacitor C2 
is not included and diode D1 is included in the this ex- 
ample; that capacitors CI is completely discharged; and 
that the thyristor TH is not conducting. 

The introduction of resistor Rl increases the inher- 

ently low input resistance of the system suchthat it lim- 
its, i.e. reduces, the inrush current into, or through, those 
components or elements that are susceptible to the ef- 
fects of inrush current, these components including- the 

5 switch S1. the rectifier DB; the power factor corrector 10 
(diode D1); and capacitor CI. 

According to the present invention, it is preferable 
but not mandatory, to include the diode 01 so that the 
voltage present at the input ternn inal A* of the power f ac- 

10 tor corrector 10 can be used to p recharge capacitor C1 
which is placed across the output terminals E, B of the 
power factor correction circuit 10. to a voltage substan- 
tially equal to that at the terminal A'. 

An advantage of including diode D1 isthat:thestart- 
is  up time of the system is kept to a minimum since, the 

power factor correction circuit 10 only has to charge the 
capacitorfrom approximately the voltage value at its in- 
put tenmlnal A' to its nominal predetermined output val- 
ue, for example 400 volts, or in other words, the power 

20 factor correction circuit 10 does not have to charae a 
fully depleted capacitor. 

The selection of the value of resistance Rl Is usu- 
ally a compromise between an acceptable peak ampli- 
tude of the inrush current and the system start-up delay 

25 Atypicalvaluefortheresistanc© R1 is between 10 - 100 
ohms. Incidentally, typlcalvalues tor capacitor CI is be- 
tween 10-100 ^Farads, depending of the output power 
of the converter (the value of C2 can be very low. for 
example 1 ^iFarad. and can in fact be omitted) 

30 It should be noted that if C2 is incorporated into the 
power converter system it is important that the start-up 
delay is sufficient to allow capacitor C2 to fully charae 
via resistor R1, before the powe r factor correction ci rcu ii 
10 starts operating. This start-u p delay Is important be- 

35 cause If the power factor correction circuit 10 starts op. 
erating before capacitor C2 isf u I ly charged, the load cur- 
rent. I.e. the current into the power factor correction clr- 
curt 10, will prevent capacitor C2 from fully charging so 
that when the thyristor is activated, i.e. turned on. there 

"^0  will be a further, secondary, inrush current. 
However, if C2 is not Incorporated into the power 

converter system, thisproblenn, according to the present 
invention, will not occur. 

The control circuit 20 within thepowerfactorcorrec- 
tion circuit 10 initially derives its power from the input 
terminal A' and after a short delay It will start to operate 
This control circuit 20 activates switch S3 so that It con- 
ducts current, which allows energy to be stored In the 
inductor L. When the control ci rcult deactivates switch 

so S3 so that it no longer conducts current, the energy that 
IS stored in the inductor L is transferred towards capac- 
rtor CI. Therefore, capacitor C1 charges. 

In the absence of capacitor C2 it should be noted 
that as soon as capacitor CI has charged to a voltage 

ss value that is approximately equal to. or greater, than the 
voltage present at terminal A\ diode D1 becomes re- 
verse biased. Therefore, when diode D1. and also the 
inductor L. is reverse biased, th ore will be no secondary 
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inrush current when resistor R1 is shunted and capacitor 
CI is not fully charged. 

When the voltage at terminal E is approximately 
. greater than the breakdown voltage VZ of the Zener di- 
ode DZ and the p-n junction fonward bias voltage be- s 
tween the gate and cathode of thyristor TH, a current 
will flow from terminal E to temiinal A* that wilt cause the 
thyristor to trigger into its low voltage drop conduction 
state. Therefore, resistor R1 will be shunted by thyristor 
TH and the I2R losses will be dramatically reduced, io 
which will result in increased efficiency. 

The breakdown voltage VZ of the Zener diode DZ 
and the value of the resistance R2 are chosen so as to 
reduce as much as possible the power that is dissipated 
in the gate triggering circuitry, i.e. E, R2. DZ. gate-cath- is 
ode of TH, A'. Therefore, the voltage drop across resis- 
tor R2 and the Zener diode can be between 100 - 200 
volts for example, since the voltage at A' decreases to 
zero volts at each half cycle. 

It is possible, but less preferable, to use a plurality 20 
of Zener diodes that are operatively connected in series. 

it is also possible to replace the Zener diode with 
another comparator element, that can have for example 
a constant output current stage, so as to achieve the 
same result. However, a Zener diode solution is a pre- 
ferred solution because of its simplicity. 

A power conversion system according to the 
present invention can be applied equally to low power 
applications, i.e. from approximately 30-150 Watts, or 
high power applications, i.e. from approximately 150 30 
Watts to several KWatts. These applications can be 
used for domestic appliances or for industrial apparatus. 

Some domestic and industrial application exam- 
ples, that are not intended to be exhaustive, in which the 
present invention can be used include: televisions, vid- 3$ 
eo recorders, hi-fi's, personal computers, refrigerators, 
washing machines, air conditioning units, lighting, do-. 
motics. robotics, motor control etc. 

Having thus described at least one illustrative em- 
bodiment of the invention, various alterations, modifica- 40 
tions and improvements will readily occur to those 
skilled in the art. Such alterations, modifications, and im- 
provements are intended to be within the spirit and 
scope of the invention. Accordingly, the foregoing de- 
scription is by way of example only and is not intended 4S 
to be limiting. The invention is limited only as defined in 
the following claims and the equivalents thereto. 

Claims so 

1.  A power conversion circuit, for providing a rectified 
supply voltage to an output capacitor, comprising: 

a rectifying circuit (DB); ss 
a power factor correction circuit (10); 
said output capacitor being connected across 
the output terminals of the power factor correc- 

tion circuit; 
a resistoi- (R1) for limitin Q in rush current, the re- 
sistor being operatively connected between the 
rectifying circuit and the power factorcorrection 
circuit; 
a thyristor (th) that is operatively connected iri 
parallel with the resistor; 
means for comparing th © output and input volt- 
ages of the power factor correction circuit and 
for activating the conduction state of said sili- 
con controlled rectifier when the difference be- 
tween the output vottag e and the Input voltage 
exceeds a predetenmin ed threshold. 

2. A power conversion circuit according to claim 1, 
wherein said comparator nneans comprises at least 
one Zener diode (D2) connected between the out- 
put of the power factor correction circuit (10) and a 
gate of said thyristor. 

3. A power conversion circuit according to claim 1, 
wherein the power factor correction circuit (10) 
comprises a switch means (D1) connected between 
said resistor and said output capacitor for precharg- 
ing said output capacitor. 

4. A power conversion circuit according to claim 3, 
wherein said switch means is a diode (D1). 

5. A power conversion circuit according to any of the 
claims 1 to 4, further comprising an input capacitor 
(C2) connected across the i nput terminals (A', B) of 
the power factor conrection circuit. 

6. A power conversion circuit according to any of the 
claims 1 to5, wherein the output powerofthe power 
factor correction circuit Is greaterthan approximate- 
ly 30 Watts. 

7. A power conversion circuit according to any of the 
claims 1 to 6, incorporated within a domestic apipli- 
ance. 

8. A power conversion circuit according to any of the 
claims 1 to 7, incorporated within an industrial ap- 
paratus. 

9. A method of power convers ion. for providing a rec- 
tified supply voltage to ar^ output capacitor, that 
comprises the steps of: 

rectifying a voltage; 
limiting inrush current fcDy means of a resistor 
(R1); 
precharging the output capacitor (CI), that is 
connected across the output terminals of a 
power factor correctiori circuit (10), tea voltage 
that is substantially ec| Ljal to the rectified volt- 
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age; 
correcting the power factor of the rectified voit- 
age; 
further charging the precharged output capac- 
itor by means of the power factor correcting cir- s 
cult; 
short circuiting the inrush current limiting resis- 
tor when the voltage stored on the output ca- 
pacitor exceeds by a predetermined threshold 
the input voltage of the power factor correcting 10 
circuit 

10. A method of power conversion according to claim 
9, further including the step of charging an Input ca- 
pacitor (C2) that is connected across the input ter- is 
mirials of the power factor correction circuit. 

11. A method of power conversion according to claims 
9 or 10, wherein the step of short circuiting the In- 
rush current limiting resistor is performed when an 20 
Input capacitor is fully charged to the rectified volt- 
age and the voltage stored on the output capacitor 
exceeds a predetermined threshold. 
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Fig 2 
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